INTRODUCTION {#sec1-1}
============

Vitamin D is a fat-soluble secosteroid required for intestinal absorption of calcium, magnesium, and phosphate. It has direct as well as indirect effects on bone. It is also essential for optimal functioning of various organs and tissues. It exerts its effect by binding to Vitamin D receptors (VDRs) on target cells. Vitamin D is derived from food and ultraviolet B photons. It undergoes hydroxylation in liver to form 25(OH)D3 and further in kidneys by enzyme 1α hydroxylase (1αOHase) to form 1, 25,(OH)2D3 (calcitriol), an active form. This active form is also produced at extrarenal sites. Enzyme 1αOHase (CYP27B1) required for this conversion is expressed by several target cells. In cases of infection, the pathogen-associated molecular patterns such as lipopolysaccharides, interferon gamma, and nitric oxide get attracted to toll-like receptors of macrophages. This regulates cytochrome P27B1 (CYP27B1) genes of the target cells. The expressed enzyme locally hydroxylates the inactive form (25\[OH\] D3) resulting in the production of calcitriol (1,25\[OH\] 2D3).\[[@ref1]\] This calcitriol exerts its effect on target cells which express VDR. Calcitriol enters the target cell through caveolae, containing VDR or by endocytic uptake of 25(OH)D3-D-binding protein, with the help of glycoproteins such as cubilin and megalin.\[[@ref2]\] After entering the cell, 1,25(OH)2D3 ligates with VDR in nucleus and generates vital biological responses. The 1,25(OH)2D3-VDR complex heterodimerizes with retinoid X receptor and shows DNA binding at Vitamin D response element, leading to RNA transcription and biological actions which include modulation of inflammatory response via promoting monocyte differentiation to macrophages; preventing release of inflammatory cytokines; preventing cell surface expression of major histocompatibility complex-II;\[[@ref3]\] downregulating T-cells and monocytes; downregulating the expression and production of several pro-inflammatory cytokines including tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), IL-6, and IL-8; and decreasing the nuclear factor-κB activity which is a transcription factor having a key role in immunomodulation.\[[@ref4]\] Vitamin D also regulates the expression of specific endogenous antimicrobial peptides.\[[@ref5]\]

Since the discovery of VDR, three decades ago, more than fifty target cells have been identified, involving the receptor-mediated Vitamin D functions.\[[@ref6]\] To the best of our knowledge, very few studies have mentioned the presence of VDR in periodontal ligament (PDL) tissue. Investigations by Andrukhov *et al*.\[[@ref7]\] Tang and Meng,\[[@ref8]\] McMahon *et al*.,\[[@ref9]\] and Liu *et al*.\[[@ref10]\] have shown VDR-mediated activities in PDL tissue cells. These studies were however investigated on cell cultures and according to Bhalla *et al*.\[[@ref11]\] VDRs actually may not be present in tissues but may be acquired in cultures. They also stated that receptors may appear *in vivo* when cells are exposed to vascular or inflammatory cell products. Study by Onishi *et al*. in 2003\[[@ref12]\] and Chen in 2012\[[@ref13]\] elucidated immunolocalization of VDR during and at completion of root formation. VDR was detected in periodontium. However, these investigations do not confirm the presence of VDR in human PDL (hPDL) tissue of completely erupted teeth in adults. The present study was intended to evaluate the presence of VDRs in PDL tissue and study its response to serum 25(OH)D3 levels. Detection of VDR in hPDL tissue would implicate the involvement of Vitamin D-mediated response in periodontal tissue.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design {#sec2-1}
------------

A total of 19 chronic periodontitis patients of both sexes with age ranging from 35 to 65 years, visiting the outpatient department of periodontology (from February 2015 to March 2017), were recruited for the present study. Their medical history was taken followed by a detailed periodontal examination. Individuals with a history of any systemic disease, medications (such as bisphosphonates, barbiturates, cardiac glycosides, cholestyramine, glucocorticoids, and laxatives), hypersensitivity reactions, Vitamin D or calcium supplements, smokers, pregnant women, and those with a history of antibiotic therapy within the last 3 months were excluded from the study.

Periodontal examination {#sec2-2}
-----------------------

The selected patients were examined clinically. Participants diagnosed with moderate-to-severe chronic periodontitis requiring extractions of at least two teeth (e.g., teeth with compound or complex pockets having 70%--75% bone loss on the involved surfaces and 50%--60% bone loss on the remaining surfaces; teeth with Grade III furcation involvement with severe vertical bone loss in interradicular area with 50%--60% bone loss on mesial and distal surfaces; teeth with severe recession on one side and 50%--60% bone loss on other sides along with mobility; patients with partially edentulous arches with 50%--60% bone loss on few remaining teeth and indicated for extraction for prosthodontic purposes) were considered for the study. PDL tissue was scraped from the remaining surfaces for evaluation of VDRs in the study.

The study was approved by the Institutional Ethics Committee (reference number: Perio-II-1/2015--2016). Detailed informed written consent was obtained from all the selected participants, indicating voluntary participation in the study.

Venous blood sample of approximately 2--3 ml was withdrawn in a vacutainer (with clot activator and gel for serum separation) from all the 19 chronic periodontitis patients for assessment of serum 25(OH)D3 levels. ADVIA Centaur Vitamin D Total (Vitamin D) assay (antibody competitive immunoassay) was used for the determination of total 25(OH)D3 in human serum. The reference range\[[@ref14]\] used for the study was as follows: deficiency (\<20 ng/mL), insufficiency (20--30 ng/mL), sufficiency (30--100 ng/mL), and toxicity (above 100 ng/mL). The sensitivity range of ADVIA Centaur Vitamin D assay is 4.2--150 ng/mL.

Periodontal Phase I therapy (nonsupportive periodontal therapy) and extraction of tooth were carried out. The participants were then referred to physician for supplementation of Vitamin D3. The dose of cholecalciferol (Torrent Pharmaceuticals Ltd, Ahmedabad, India) was 60,000 IU once a week for 6 weeks. After supplementation, the participants were tested for serum 25(OH)D3 levels. This was followed by extraction of the second tooth.

PDL tissue of the extracted tooth was used for the evaluation of VDR concentration. First, the extracted tooth was collected in a vial containing solution of 0.9%W/V sodium chloride, 50 U/mL of penicillin, and 50 μg/mL of streptomycin. The tooth was then washed with the same solution to remove blood completely. PDL tissue was scraped from the root surfaces with sterile curettes and placed in Eppendorf tube containing 1 ml of phosphate-buffered saline. The tubes were centrifuged at 4°C at 5000 gravity for 10 min. The supernatant was removed. Pellet was resuspended in 0.3ml of phosphate buffered saline. The tube was then subjected to three freeze-thaw cycles to facilitate cell lysis.

Enzyme-linked immunosorbent assay procedure {#sec2-3}
-------------------------------------------

PDL tissue samples were analyzed by using Human VDR ELISA Kit (Elabscience Catalog no E-EL-H2043) for *in vitro* quantitative determination of human VDR concentrations. The minimum detectable dose of human VDR by this kit was 0.38 ng/ml. The detection range was 0.63--40 ng/ml. The enzyme-linked immunosorbent assay (ELISA) procedure was performed as per the manufacturer\'s instructions. After preparing standard stock solution of 40 ng/ml and its serial dilutions, optical density (OD) values were obtained. Standard concentrations and OD values were plotted to get a standard curve. Actual ELISA for samples was then assayed using stock solution of 40 ng/ml as control. 100 μl of PDL tissue samples was added in respective wells of ELISA microplate in duplicate. They were incubated for 90 min at 37°C. 100 μl of diluted biotinylated detection antibody was added to all the wells. After incubation for 60 min at 37°C, the wells were washed with wash buffer for 3 times. 100 μl of horseradish peroxide conjugate was added and incubated for 30 min at 37°C. The wash process was repeated 5 times followed by addition of 90 μl of substrate reagent and incubation for 15 min at 37°C. 50 μl of stop solution was then added to it. ELISA plate was read on microplate reader at 450 nm. The OD readings of the samples were plotted on standard graph to get its VDR concentration.

Statistical analysis {#sec2-4}
--------------------

Data were statistically analyzed using SPSS version 16.0, IBM Corporation, Armonk, NY, USA. The intragroup comparison was done by paired t- test. To study the predictive reliability (goodness of fit) of the regression models, percentage *R*^2^ as a coefficient of determination was used. Correlation analysis was done using Pearson\'s method (Pearson\'s *r* value). *P* \<0.05 indicated statistically significant results (*P* \< 0.05, \*\**P* \< 0.001, \*\*\**P* \< 0.001), and NS indicated statistically nonsignificant results. Power of the study was 80%.

RESULTS {#sec1-3}
=======

A total of 19 chronic periodontitis patients were evaluated for 25(OH)D3 levels in serum and VDR concentration in human PDL tissue in the present study.

The mean serum level before supplementation was 13.96 ng/mL with standard deviation of 3.36. The participants then underwent Vitamin D3 supplementation as prescribed by the physician. The mean serum 25(OH)D3 levels 6 weeks after supplementation of 60,000 IU Vitamin D3 increased to 35.12 ng/mL with a standard deviation of 5.27. The results are presented in [Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"} which depict significant increment in serum 25(OH)D3 levels after supplementation of Vitamin D3 (*P* \< 0.001).

###### 

Comparison of mean serum 25(OH)D3 levels before and after supplementation of Vitamin D3

                           Before supplementation (*n*=19)   After supplementation (*n*=19)   *P*            
  ------------------------ --------------------------------- -------------------------------- ------- ------ -------------
  Serum 25(OH)D3 (ng/ml)   13.96                             3.36                             35.12   5.27   0.001\*\*\*

*\**Is a standard notation used to determine the level of significance.*P* value by independent sample "*t*-" test. *P*\<0.05 is considered to be statistically significant. \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001. SD -- Standard deviation; *n* -- Sample size; NS -- Statistically nonsignificant

![Comparison of mean serum 25(OH)D3 levels before and after supplementation](JISP-23-100-g001){#F1}

The present study also involved the investigation of VDR in PDL tissue isolated from 19 participants of the above study group at both time intervals. VDR analysis was done by using Human Vitamin D Receptor ELISA kit. The mean VDR concentration in PDL tissue was calculated from OD values obtained from ELISA readings.

The mean VDR concentration in periodontal ligament tissue of Vitamin D deficient, chronic periodontitis subjects was -1.443/ml with standard deviation of 0.604. The values increased to 2.38 /ml with standard deviation of 2.64 after supplementation, indicating highly significant increment (*P*-value \< 0.001) \[[Table 2](#T2){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

###### 

Comparison of mean Vitamin D receptor concentrations before and after supplementation of Vitamin D3

                              Before supplementation (*n*=19)   After supplementation (*n*=19)   *P*           
  --------------------------- --------------------------------- -------------------------------- ------ ------ -------------
  VDR concentration (ng/ml)   3.31                              1.73                             8.78   3.24   0.001\*\*\*

*\**Is a standard notation used to determine the level of significance. *P* value by independent sample *t*-test. *P*\<0.05 is considered to be statistically significant. \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001. VDR -- Vitamin D receptor; SD -- Standard deviation; *n* -- Sample size; NS -- Statistically nonsignificant

![Comparison of mean Vitamin D receptor concentration before and after supplementation](JISP-23-100-g002){#F2}

The study also points out the correlation between VDR concentration and serum 25(OH)D3. When correlation was studied between VDR concentration and serum 25(OH)D3. The correlation coefficient "*r*" value before supplementation was 0.433. The *p* value obtained was 0.063 which indicated no significant correlation before supplementation. After supplementation the correlation coefficient "*r*" value was 0.480. The *P* value obtained was 0.048 which indicated significant positive correlation \[[Table 3](#T3){ref-type="table"}\]. The Linear relationship, before as well as after supplementation is presented in Figure [3a](#F3){ref-type="fig"} and [3b](#F3){ref-type="fig"}.

###### 

Correlation analysis of 25(OH)D3 levels and Vitamin D receptor concentrations before and after supplementation

                                    Before supplementation (*n*=19)   After supplementation (*n*=19)           
  --------------------------------- --------------------------------- -------------------------------- ------- ---------
  25(OH)D3 with VDR concentration   0.476                             0.039\*                          0.480   0.038\*

\*\*Is a standard notation used to determine the level of significance. Pearson's *r* value, *P*\<0.05 indicated statistically significant correlation. \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001. There was a statistically significant positive correlation between 25(OH)D3 levels and VDR concentrations before supplementation (*P*\<0.05) as well as after supplementation (*P*\<0.05). NS -- Statistically nonsignificant; VDR -- Vitamin D receptors; *n* -- Sample size

![(a) Linear relationship between serum 25(OH)D3 and VDR concentration in PDL tissue in chronic periodontitis subjects during deficiency state. On pearson\'s correlation analysis the "*r*" value before supplementation was 0.433 and the *P* value obtained was 0.063 indicating no significant positive correlation (*P* \> 0.05) between 25(OH)D3 and VDR concentration in PDL tissue when subjects were deficient; (b) Linear relationship between serum 25(OH)D3 and VDR concentration in periodontitis cases after attaining sufficient range. The correlation coefficient "*r*" value on supplementation was 0.480 with *P* value of 0.048. A significant positive correlation was noted (*P*\< 0.05) between serum 25(OH)D3 levels and VDR concentration as subjects became sufficient in D3](JISP-23-100-g003){#F3}

The results of present study clearly demonstrated that VDR concentration in periodontal ligament tissue is fully dependent on serum 25(OH)D3 levels. Lower serum concentration of 25(OH)D3 was associated with decreased expression of VDRs and increase in 25(OH)D3 levels in serum was associated with increased expression of VDRs in periodontal ligament tissue.

DISCUSSION {#sec1-4}
==========

The present study evaluated serum concentrations of 25(OH)D3 and VDR concentration in PDL tissue in chronic periodontitis patients, before as well as after supplementation of Vitamin D3. The study also attempted to correlate serum 25(OH)D3 levels with VDR concentration in PDL tissue.

The results of the study revealed that all the chronic periodontic patients were found to be deficient in Vitamin D3. According to Ritu,\[[@ref15]\] Vitamin D3 deficiency is common in the Indian population due to dark skin (increased melanin pigmentation), social and religious norms to cover maximum part of the body, tendency to protect self from sun exposure, vegetarian diet (which lacks Vitamin D), less Vitamin D fortification of food products, and because people live in highly dense areas. Marwaha,\[[@ref16]\] Sahu,\[[@ref17]\] and Khadilkar\[[@ref18]\] have reported high prevalence of Vitamin D deficiency in various groups of the Indian population including healthy School children, adolescents, rural girls, pregnant women, and health-care professionals. The study by Patil\[[@ref19]\] also confirmed Vitamin D deficiency in Indian population. They carried out a study on 48 chronic periodontitis and 37 periodontally healthy controls. In their study, 97.9% of chronic periodonttis patients demonstrated 25(OH)D3 deficiency or insufficiency, whereas only 2.1% of the participants had sufficient levels of 25(OH)D3. Studies by Boggess *et al*.,\[[@ref20]\] Chang *et al*.,\[[@ref21]\] Antonoglou *et al*.,\[[@ref22]\] and Abreu *et al*.\[[@ref23]\] have shown association of low Vitamin D3 levels and periodontitis. Thus, Vitamin D deficiency may be considered a risk factor for periodontitis and therefore its evaluation needs to be considered in periodontic patients.

Comparison of 25(OH)D3 levels in the study group determined significant increase after supplementation of Vitamin D3 in all the study participants \[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. The results corroborated with earlier findings. Harinarayan\[[@ref24]\] showed that Vitamin D of 9572 IU/day for 8 weeks significantly raised the serum levels of 25(OH)D and that supplementation up to upper tolerable intake levels is safe and sufficient. The present study suggests that loading dose of cholecalciferol (60,000 IU weekly)\[[@ref25]\] for 6 weeks helps in increasing the levels of Vitamin D3 to sufficient range (≥30 ng/ml).

In the present study, Vitamin D3 supplementation was given instead of Vitamin D2. Evidence suggests that cholecalciferol (D3) is superior to ergocalciferol (D2) in terms of potency, elevating and sustaining 25(OH)D concentrations, and maintaining the storage form of Vitamin D.\[[@ref26][@ref27]\] Studies by Trang *et al*.,\[[@ref28]\] Armas *et al*.,\[[@ref29]\] and Heaney\[[@ref30]\] also found that the D3 supplement was more effective in increasing serum 25(OH)D3 than D2. The dosage used in our study was 60,000 IU/week for 6 weeks as recommended by Vieth *et al*.\[[@ref31]\] and Hathcock *et al*.\[[@ref32]\] Similarly, Gupta *et al*.\[[@ref33]\] and Goswami *et al*.\[[@ref25]\] also used comparable dose and found serum 25(OH)D3 levels to increase.

ELISA kit with D6 antibody was used to determine detectable levels of VDR in the PDL tissue. VDR concentration was found to be very less. Lower VDR concentration has also been demonstrated earlier in infectious condition. Marshall in 2008\[[@ref34]\] determined that sulphono-lipid capnine substance produced by some gliding bacteria disabled the VDR. Capnine binds to and inactivates the VDR leading to exaggerated inflammatory responses. Waterhouse *et al*.\[[@ref35]\] found that intracellular bacteria in chronic infectious condition dysregulated Vitamin D metabolism by causing VDR dysfunction within phagocytes. These data suggest the mechanism for reduced VDR levels in chronic infectious condition. In inflammatory conditions, the active macrophages through CYP27B1 vigorously convert 25(OH)D3 to its active form (1,25\[OH\] 2D3), further increasing the expression of VDR.\[[@ref36]\] Conversion of 25(OH)D3 into 1,25(OH)2D3 up to toxic levels has been demonstrated by Marshall in 2008\[[@ref34]\] and Waterhouse *et al*.\[[@ref36]\]

In contrast to the above findings, the VDR concentration in the present study was found to be very low. The lower concentration of VDR was probably because of severe deficiency of Vitamin D in chronic periodontitis patients; hence, less 25(OH)D3 was available for conversion to active form, further leading to less expression of VDRs. Moreover, as Phase I therapy was initiated prior to the supplementation of Vitamin D3, there was considerable reduction of plaque-induced inflammation. As inflammation reduced, the response to inflammation was low. The results of the present study thus indicate that in cases of Vitamin D deficiency and infection or inflammation, the concentration of VDR decreases as seen in chronic periodontitis. The decreased levels of VDR would in turn be responsible for reduced effect of Vitamin D-mediated generation of adequate immune and inflammatory response.

The VDR concentration in PDL tissue in chronic periodontic patients in the present study showed direct correlation with serum 25(OH)D3 levels after supplementation with Vitamin D3. After supplementation, D3 ligand binds to VDR and brings about conformational changes in VDR, making it less vulnerable to proteolytic attack. The following studies determined the increased stability of VDR with Vitamin D3. Li *et al*.\[[@ref37]\] found that VDR is degraded by ubiquitin/proteosome pathway. However, after supplementation, D3 bound to VDR and inhibited ubiquitination and retarded degradation, resulting in elevated VDR levels. Kongsbak *et al*.,\[[@ref38]\] Costa *et al*.,\[[@ref39]\] Zineb *et al*.,\[[@ref40]\] and Wiese *et al*.\[[@ref41]\] also found that 1,25(OH)2D3 stabilized and upregulated VDR protein expression by approximately 2--2.3 folds, by protecting it from proteasomal degradation, thus increasing half-life and mean lifetime of the VDR protein. In our study also, supplementation of Vitamin D3 after periodontal Phase I therapy may have helped in decreased degradation/increased stability of VDR and increased availability of 25(OH)D3 for conversion to 1,25(OH)2D3, increased binding of 1,25(OH)2D3 to VDR, thus leading to increased expression of VDRs.

The results of the present study showed that 25(OH)D3 levels in serum and VDR concentration in periodontal ligament tissue was very less in chronic periodontitis patients before supplementation, which increased significantly after supplementation of Vitamin D3. In addition, a significant positive correlation was seen between serum 25(OH)D3 and VDR concentration in Periodontal Ligament tissue, after supplementation of Vitamin D3.

Limitations {#sec2-5}
-----------

The limitation of the study was patient compliance regarding supplementation of Vitamin D3.

CONCLUSION {#sec1-5}
==========

The present article determined the presence of VDRs in PDL tissue which responded to levels of Vitamin D3 in serum. The VDR levels were very low in subjects patients with Vitamin D3 deficiency, which increased significantly after supplementation of Vitamin D3 for 6 weeks. Vitamin D3 through VDR-mediated effect plays a crucial role in generating immune and anti-inflammatory responses (decreased production of pro-inflammatory cytokines such as interferon-γ, IL-17, IL-21, decreased levels of IL-6, IL-1β, and TNF-α, and increased apoptotic mechanisms in pro-inflammatory cells). Low levels of VDR are indicative of low immune response in these patients. Vitamin D supplementation could enhance VDR levels which in turn may contribute to enhanced immune response. The innovative finding of expression of VDRs in PDL tissue in fully erupted teeth has opened a new gate for further research. Mechanisms to understand its effect on periodontal regeneration (PDL fibroblast uniqueness and bone formation) need to be studied.
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